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2 | Motivation: Mechanistic PV Performance and Degradation Modeling

Mechanistic understanding of photovoltaic

array performance can decrease the Level n O+ MftF)
[COE=——___ &0
Cost of Photovoltaic Energy via: - no[Sfl-d)!
(=0 (1+r)!
Decreased Operation/Maintenance Costs | - initial cost
_ O - operational cost
Increased Energy Production M - maintenance cost

F - interest expenditure
S- energy production

Reduced Degradation r - inflation and uncertainty
(1-d) - degradation term

In the industrial and R&D sectors.






+ | Field #V Data I

PV systems at all scales produce large amounts-sditiesedata. |
oSmart o i nverters < curvaesiorthestringorenodule level. me a ¢

ParameterizingV curves and looking at lotegm trends improves understanding of
system performance, but:

values are not directly comparable
changes in these guantities are not necessarily proportional to power loss



s | LaboratoryBased SunR¥,-
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s I Mining L~V from Field Data
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7 1 Outdoor lg+Vy- Curve Construction

Reference
condition (RC) Cleaned outdoor
POA: | sun time-series /-J data
Ty median Ty, } :
at 1 sun Feature extraction
1 with ddiv
I or every data
Median 7,, analysis period
at 1 sun
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1
I..-V, . at
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s | Outdoor lg~Vy- Curve Construction

‘/oc — VYoc0 + NO ) 5(Tc)ln(Ee) + fBVoc (TC - TO) (1)

VoeLsey, Trn) = ag + aq - (T + 273.15) - In(Ls.)+

8
ag - (T +273.15) + € (8)

King, David L., Jay A. Kratochvil, and Boyson, William E. Photovoltaic
array performance model. Sandia National Laboratories, 2004.
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o I Outdoor IV, Curve Construction

RC
Ipsd — ISC — Isc

(10)
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10 | Vo temperature correction results
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‘ Quantifying power loss mechanisms frogg-Vs-

current [A]

Detecting loss mechanisms of c-Si PV modules by I-V,. and I-V

measurement
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ls=Voc Mechanistic Power Loss Calculation

Reference

In each analysis period:

|-V features are modeled
|V IS constructed
and parameterized

to create the subV curves for
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ls=Voc Mechanistic Power Loss Calculation

Reference

condition (RC)

POA: | sun

LTm: median 7, mJ

at 1 sun

Cleaned outdoor

time-series I-V data

|

Feature extraction
with ddiv

Median 7,
at 1 sun

or every data
analysis period

l— Ly Ve pairs T

|

v

Lyins Vin

mp> Vinp: Rs

VOC(ISC" Tm)

Ise ~ Gpoa Imp(fscv Tin)

4 1)

() ®) 9)
: |

I~V at
median 7,

Isun /g,

)

Pseudo /I-V curve

at RC (10)
v

¥

VmpUsc, T, m)

(5) (12)

Ry Ty)
0 (13

Feature extraction
with ddiv

¥

Pseudo /-V curve

feature|s at RC

¥

I-V curve
features at RC

|

Power loss
calculation




